INTRODUCTION
•The photochemistry of the equatorial Pacific boundary layer was first described by Liu et al. [1983] using data obtained on the R/V Knorr 73/7 cruise (July to August 1978). Nitric oxide levels measured on that cruise averaged 4 parts per trillion by volume (pptv) during daylight hours and surface 0 3 was ---10-15 parts per billion by volume (ppbv) [McFarland et al., 1979] . On the Knorr cruise, NO in seawater was also measured and its supersaturation with respect to atmospheric NO was equivalent to a sea-to-air flux of---108 cm -2 s -1 [Zafiriou and McFarland, 1981] ; this is sufficient to explain the levels of atmospheric NO and HNO3 observed on that cruise. Thompson and Lenschow [1984] demonstrated that these low NO levels, given the high moisture and solar insolation of the equatorial Pacific (with appreciable production of OH), are consistent with a diurnal cycle of 03 increasing at night and decreasing during daytime. This diurnal pattern of surface 0 3 has been confirmed on a number of oceanographic expeditions in the remote Pacific since the mid-1980s [Piotrowicz et al., 1986 [Piotrowicz et al., , 1991 Johnson et al., 1990 ].
The explanation for low 0 3 in the equatorial Pacific is that 03, supplied to the boundary layer by the stratosphere, undergoes photochemical destruction by UV photolysis and reaction with H20 and is not replaced because concentrations of trace gases that lead to 03 formation (NOx and hydrocarbons) are very low. Evidence for this picture of remote marine chemistry has been collected through trace gas measurements on a number of oceanographic cruises. Examples include the 1980 R/V Meteor cruise [Lowe and Schmidt, 1982] , the 1987 Polarstern cruise [Rudolph and Johnen, 1990; Platt et al., 1992] , and several NOAA/RITS (radiative!y important trace species) cruises [see Piotrowicz et al., 1986 Piotrowicz et al., , 1991 Johnson et al., 1990 ]. However, a comprehensive set of photochemically reactive trace gas measurements with sensitive instruments required for low concentrations has not been possible until recently. The third joint Soviet-American Gases and Aerosols oceanographic cruise (SAGA 3) on the R/V Akademik Korolev offered a platform to make a set of measurements with several stateof-the-art trace gas instruments and an opportunity to study marine boundary layer 0 3 and photochemical cycles of C-, N-, and S-containing gases in detail. Figure 1 displays the photochemically reactive gases measured and the photochemical rationale on SAGA 3. Special emphasis was put on measuring the constituents required to constrain a model calculation of the hydroxyl radical. In this paper the 03 data of SAGA 3 are presented along with a model synthesis of measurements of the photochemically reactive constituents. We attempt to answer the following questions:
1. Can a photochemical model reproduce typical SAGA 3 observations of 03 and its precursors, CO, NO, CH 4, and nonmethane hydrocarbons in a self-consistent manner?
2. Can the diurnal behavior of 03, NO, CO, and the peroxides observed on SAGA 3 be reproduced by a model? What do the observations imply about 03 photochemical formation and about the NO2/NO ratio, the so-called photo- Figure 2 shows the cruise track of SAGA 3/leg 1, which took place from February 13, 1990 (Julian day 44), to March 13, 1990 (Julian day 72). The port of departure was Hilo, Hawaii, with the Akademik Korolev crossing the equator (and the intertropical convergence zone (ITCZ) 5 times en route to Pago-Pago, American Samoa). The purpose in multiple transects was to study interhemispheric gradients in greenhouse gases being measured on SAGA 3. However, there were gradients in a number of the photochemically reactive gases as well. Because the first north-to-south transect (along 145øW to 10øS) showed the ITCZ located 4ø-6øN, subsequent transects were made between 5øS and 10øN ( Figure 2) . Table 1 summarizes the major photochemical measurements on SAGA 3, including trace species or parameter measured, the instrument used, and the principal investigator with affiliation. Nine other SAGA 3 publications appear in this issue. The reader is referred to the following papers for experimental details and discussion of variability for The zero level of the Dasibi was checked at 3-day intervals by first directing the sample air through a charcoal filter for a period of 1 hour. The zero level was reproducible to within a range of 0.8 ppbv. The zero level was subtracted and the 03 data placed into 6-min averages. When these 03 values were plotted, it was found that there were numerous electronic noise spikes of short duration. These were removed using the criteria that the natural variability of 03 should be less than 3 ppbv per 6-min interval. After the data were cleaned, a time series of 1-hour averages was created. Model simulation based on above-tropospheric 0 3 ----216 DU at equator for solar conditions of The diurnal variations for peroxides derive from a buildup of free radicals (e.g., CH30 2 and HO2) during the day, balanced by OH oxidation and photolysis. The SAGA 3 diel pattern (maximum mixing ratio 50% higher than the minimum) is nearly identical to that reported recently by Ayers et al. [1992] for peroxides measured in the unpolluted marine boundary layer at the Cape Grim, Tasmania, monitoring site (41øS). At Cape Grim the mean peroxide concentration, presumed to consist mostly of H202 and a small amount of CH3OOH, is --•800 pptv. The model calculation includes surface deposition and a first-order removal term for H202 to represent precipitation (or aerosol) scavenging. The scavenging coefficient is not varied over a diurnal cycle and thus may not be appropriate for SAGA 3 conditions. On nearly every day there was a brief shower at or near the vicinity of the Korolev and a periodic scavenging loss might be more realistic. There was not a clear pattern in precipitation on the cruise. There was also a slight diurnal cycle in relative humidity not accounted for in the model (minimum in late afternoon). Nonetheless, the model simulation of the diurnal cycle is satisfactory, with agreement better for ROOH (Figure 8b ) than for H20 2 (Figure 8a ). With lower solubility compared to H202, the organic peroxides are less subject to scavenging assumptions. Table 5 shows that the diurnally averaged OH for mean surface 03 of 9.3 ppbv is 8.9 x 105 cm -3. The hydroxyl radical is produced by photolysis of 03 followed by attack of the energetic O(1D) on H20:
CS 2 -}-O--> SO -}-CS CS 2 -}-O--> COS -}-S CS2 + OH--> COS + HS HSO 3 + 02 --> SO 3 + HO 2 HSO 3 + OH--> SO3 + H20 H2S + O--> OH + HS H2S + OH--> HS + H20 DMS + OH -->

P(O3) = k i[NO][HO2] + •. ki[NO][RiO 2] -[03] ß {k310Hl+k4[H02] } --ks[O(ID)][H2 ¸]
+ he--> O(1D) + 02 O(•D) + H20--> OH + OH.
In model simulations with "low" ( to oceanic CO supersaturation is --•3 x 109 cm -2 s -•. This is only 2.5% of the model flux required to balance CO reaction with OH (Table 6 ). In other words the local CO source supports little of the atmospheric CO burden in the equatorial Pacific. Indeed, the diurnal variation in atmospheric CO due to seawater supersaturation is only -1 part Figure 9 shows the calculated diurnal variations in atmospheric CO mixing ratio for equatorial conditions. The observed diurnal cycle, approximately 1 ppbv between maximum and minimum values, is slightly larger than the calculated variation (0.6 ppbv) which is due to photochemical reaction with OH. On other Pacific cruises (e.g., RITS 88 and 89), tropical data for atmospheric CO mixing ratios show a diurnal variation of-2 ppbv [Johnson et al., 1991] .
Sulfur Species and CO
Agreement between model calculations and observations for DMS, SO2, and H2S is good (Table 4) 4. To the extent possible (i.e., given uncertainties in measured trace gas concentrations and computed sea-to-air transfer rates) the lifetime calculation of DMS (i.e., model calculation of OH) was validated by SAGA 3. It is difficult to reduce the discrepancy between the sea-to-air DMS flux deduced from the model and from measurement of dissolved DMS on SAGA 3 (-•50%) with current theory and experimental technique.
5. Several trace gases measured on SAGA 3 (NO, ethyl and 2-propyl nitrate, bromoform, and CHC1Br2) showed maximum concentrations at the equator, suggestive of photochemical or biological sources of these gases.
Although the comprehensive set of observations made on SAGA 3 achieved most of the photochemical objectives of the cruise, several issues call for further study and alternative experimental design. First, the data set collected was not Lagrangian and assumed boundary conditions are only approximately correct for the individual air parcels sampled over the course of the cruise. In the future we aim for combined ship-aircraft experiments to better characterize regional chemistry, meteorology, and to track air masses. More definitive analysis of 03 chemistry and dynamics, for example, awaits such an experiment.
The goal of constraining model calculation of OH on SAGA 3 was quite successful, but the discrepancy among three models shows the limitations of not having a direct OH measurement. The model OH may be responsible for some of the discrepancy between a DMS flux derived from a photochemical model (constrained by measurement of atmospheric DMS concentration) and one derived from seawater DMS measurements. However, analysis of atmospheric and seawater DMS measurements suggests that this is a more complex problem than uncertainty in OH [Bates et 
